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(57) Abstract: A composite abrasive compact comprises 
an abrasive compact layer, generally a diamond abrasive 
compact layer, bonded to a substrate. The abrasive compact 
layer is characterised by: (i) an inner region, in contact with 
a surface of the substrate, (ii) a first intermediate region in 
contact with the inner region, (iii) a second intermediate 
region in contact with the first intermediate region, (iv) an 
outer region in contact with the second intermediate region 
and containing ultra-hard abrasive particles having at least 
three different average particle sizes, and (v) the composi- 
tion in the inner region, and first and second intermediate 
regions varying in composition such that there is a gradu- 
ated change in thermal expansion of the abrasive compact 
layer between the substrate and the outer region. 
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COMPOSITE ABRASIVE COMPACT 
BACKGROUND OF THE INVENTION 

The present invention relates to a composite abrasive compact. 

Abrasive compacts are used extensively in cutting, milling, grinding, drilling, 
boring and other abrasive operations. Abrasive compacts comprise a mass 
of abrasive particles, often diamond or cubic boron nitride particles, bonded 
into a coherent polycrystaliine conglomerate. The content of abrasive 
particles in the compact is high, and there is generally an extensive amount 
of direct bonding of abrasive particles one to another, particularly in the 
case of diamond compacts. Abrasive compacts containing diamond or 
cubic boron nitride are generally made under conditions of elevated 
pressure and elevated temperature (HPHT conditions) at which the 
abrasive particles are thermodynamically stable. 

Diamond abrasive compacts are also referred to as polycrystaliine 
diamond, PCD or PDC. Cubic boron nitride compacts are also known as 
polycrystaliine cBN or PcBN. 

Abrasive compacts tend to be brittle and in use such compacts are 
frequently bonded to a cemented carbide substrate to afford support. Such 
supported abrasive compacts are known in the art as composite abrasive 
compacts. Composite abrasive compacts may be used as such in a 
working surface of an abrasive tool. 

Abrasive compacts bonded to a cemented carbide substrate made at 
HPHT conditions are brought into or close to an equilibrium state at those 
conditions. Bringing the compacts to conditions of normal temperature and 
normal pressure induces large stresses in the abrasive compact due to the 
different thermal and mechanical/elastic properties of the abrasive layer 
and the substrate. The combined effect is to place the abrasive layer in a 
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highly stressed state. Finite element analysis shows that the abrasive layer 
may be in tension in some regions whilst being in compression elsewhere. 
The nature of the stresses is a complex interaction of the conditions of 
manufacture, the nature of the materials of the abrasive layer and the 
substrate, and the nature of the interface between the abrasive layer and 
the substrate, amongst others. In service, such a stressed abrasive 
compact is predisposed to premature failure by spalling, delamination and 
other mechanisms. That is to say, the abrasive compact fails prematurely 
due to separation and loss of all or part of the abrasive layer from the 
cutting surface of the abrasive compact, and the higher the residual 
stresses, the greater is the probability of premature failure. 

This problem is well recognised in the industry and there have been a 
number of techniques applied in an attempt to solve it. 

Various abrasive compact structures have been proposed in which the 
interface between the abrasive layer and the supporting substrate contains 
a number of ridges, grooves, indentations or asperities of one type or 
another aimed at reducing the susceptibility of the said interface to 
mechanical and thermal stresses. Such structures are taught, for example, 
in US Patent numbers 4784203. 5011515. 5486137, 5564511. 5906246 
and 6148937. In effect, these patents focus on distributing the residual 
stresses over the largest possible area. 

US Patent No 6189634 teaches that providing a hoop of polycrystalline 
diamond extending around the periphery of the abrasive compact in 
addition to the normal polycrystalline layer on the substrate surface reduces 
residual stresses in the compact. The combination of a peripheral hoop of 
polycrystalline diamond and a non-planar, profiled interface is taught in US 
Patent No 6149695. In this case, the projections into the substrate and into 
the polycrystalline diamond layer are claimed substantially to balance and 
modify the residual stresses allowing the abrasive compact to withstand 
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greater imposed loads and cutting forces. US Patent No 6189634 teaches, 
amongst its numerous embodiments, a similar stress reduction method. 

Extending one or more protrusions from the substrate through the abrasive 
layer to present an area of substrate on the working surface of the 
composite abrasive compact is another solution to the problem offered by 
US Patents 5370717. 5875862 and 6189634. 

Another method applied to solving the problem of a highly stressed 
composite abrasive compact is to provide one or more interlayers of a 
different material with properties, particularly thermal and 
mechanical/elastic properties, intermediate between the properties of the 
substrate and the abrasive layer. The purpose of such interlayers is to 
accommodate some of the stresses in the interlayers and thereby reduce 
the residual stresses in the abrasive layer. This method is exemplified by 
US Patent 5510913 which provides for an interlayer of sintered 
polycrystalline cubic boron nitride. Another example is US Patent 
No 5037704 which allows the interlayer to comprise cubic boron nitride with 
aluminium or silicon and at least one other component selected from the 
group comprising the carbides, nitrides and carbonitrides of the elements of 
Groups 4A, 5A and 6A of the Periodic Table of the Elements. A further 
example, US Patent No 4959929. teaches that the interlayer may comprise 
40% to 60% by volume cubic boron nitride together with tungsten carbide 
and cobalt. 

In yet another approach, US Patent number 5469927 teaches that the 
combination of a non-planar interface and transition layers may be used. In 
particular, this patent describes the use of a transition layer of milled 
polycrystalline diamond with tungsten carbide in the form of both particles 
of tungsten carbide alone and pre-cemented tungsten carbide particles. 
Furthermore, there Is provision for tungsten metal to be mixed into the 
transition layer to enable excess metal to react to fomn tungsten carbide in 
situ. 
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There is always a need to improve the durability and robustness of 
composite abrasive compacts, especially those compacts fitted to drills for 
down-hole applications, i.e. roller cone and percussion drills, where down- 
time has major cost implications. 

SUMMARY OF THE INVENTION 

According to the present invention, a composite abrasive compact 
comprises an abrasive compact layer bonded to a substrate, generally a 
cemented carbide substrate, the abrasive compact layer being 
characterised by: 

(I) an inner region, in contact with a surface of the substrate, 

(ii) a first intermediate region in contact with the inner region, 

(iii) a second intermediate region in contact with the first 
intermediate region, and 

(iv) an outer region In contact with the second intermediate region 
and containing ultra-hard abrasive particles having at least three 
different average particle sizes. 

The inner region and first and second intermediate regions vary in 
composition to create a graduated change in properties from the substrate 
to the outer region. The outer region provides the composite abrasive 
compact with a working surface. 

Essential to the invention is the provision of three regions or layers between 
the substrate and outer region, which vary in composition such that a 
graduated change in thermal expansion of the abrasive compact layer is 
achieved between the substrate and the outer region. This graduated 
change in thermal expansion will preferably be achieved by providing each 
of the three regions with a mixture of the ultra-hard abrasive particle 
present in the outer region and one or more refractory particles, the 
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mixtures of regions differing from each other. For example, the mixture of 
inner region may contain less ultra-hard abrasive particles than the mixture 
of the first intermediate region which itself may contain less ultra-hard 
abrasive particles than the mixture of the second intermediate region. 

Also essential to the invention is that the outer region in contact with the 
second intermediate region contains ultra-hard abrasive particles having at 
least three different average particle sizes. Such a region, it has been 
found, provides an abrasive compact with particularly effective impact 
resistance and hardness properties. 

The surface of the substrate in contact with the abrasive compact layer may 
be planar or non-planar, including profiled surfaces. A non-planar surface 
minimises the mechanical/elastic stresses created as a result of the high 
pressure/high temperature (HPHT) sintering procedure followed to produce 
the composite abrasive compact. 

The various regions of the abrasive compact layer will generally take the 
form of layers. The interfaces between these layers will generally not be 
parallel or concentric. 

The invention has particular application to composite abrasive compacts 
which may be used as tool inserts In drill bits such as roller cone and 
percussive drill bits, wherein the interface between the abrasive compact 
layer and the substrate is convex and the working surface of the outer 
region is also convex. When the substrate is cylindrical, the shape of the 
composite abrasive compact is thus of a bullet shape. The interfaces 
between the various regions will also preferably be convex. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of an embodinnent of a composite 

abrasive compact of tlie metliod of the Invention; and 

figures 2a to 2f are enlargements of the area circled in Figure 1 and 
represent six separate embodiments. 

DESCRIPTION OF EMBODIMENTS 

The ultra-hard abrasive particles may be diamond or cubic boron nitride, 
but are preferably diamond particles. 

The substrate is preferably a cemented carbide substrate such as 
cemented tungsten carbide, cemented tantalum carbide, cemented titanium 
carbide, cemented molybdenum carbide or a mixture thereof. The 
cemented carbide substrate may contain particles of a grain inhibiting agent 
such titanium carbide, tantalum carbide, vanadium carbide or a mixture 
thereof. The binder metal for such cemented carbide may be any known in 
the art such as nicl^el, cobalt, iron or an alloy containing one or more of 
these metals. Typically the binder will be present in an amount of 6 to 20% 
by mass. Some of the binder metal may infiltrate the abrasive compact 
during the HPHT treatment. A shim or layer of binder may be used for this 
purpose. 

To Improve the service life of a composite abrasive compact, it is necessary 
to reduce the residual stresses induced in the compact as a result of the 
HPHT treatment. The residual stresses due to the thermal expansion 
differences between the abrasive layer and the substrate are minimised in 
the invention by providing a graduated change in thermal expansion from 
the substrate to the outer or working region of the abrasive compact layer. 
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More particularly, in the present invention, this is achieved by the 
introduction of a number of intermediate regions or layers between the 
outer abrasive region or iayer and the substrate, each region or layer 
having a thermal expansion such that there is a graduated change in 
themial expansion from the outer region or layer to the substrate. The 
control of themial expansion may be achieved by admixing one or more 
types of refiractory particles of low thermal expansion with ultra-hard 
abrasive particles, and adjusting the relative proportions of ultra-hard 
abrasive particles and refractory particles to achieve the desired thermal 
expansion. A metal or alloy may be present In each or some of the regions. 
When such a metal or alloy is present, the amount relative to the amount of 
ultra-hard abrasive particle and refractory particle may be adjusted to 
achieve the desired graduated thermal expansion. Examples of suitable 
refractory particles with low thermal expansion are carbides, oxides and 
nitrides of silicon, hafnium, titanium, zirconium, vanadium and niobium, an 
oxide and nitride of aluminium, cubic boron nitride, and carbides of 
tungsten, tantalum and molybdenum. Tungsten carbide is a particularly 
suitable refractory particle. Examples of suitable metals and alloys are 
nickel, cobalt, iron or an alloy containing one or more of these metals. 
Preferably, the metal or alloy is the same as the metal or alloy present in 
the cemented carbide substrate. 

The composite abrasive compact of the invention is characterised by the 
use of three different regions interposed between the substrate and the 
outer abrasive compact region which provides a working surface for the 
compact. Each region may be discernible in the sintered compact under 
suitable magnification. The boundary between each discernible region may 
be regular or irregular. 

Embodiments of the invention will now be described with reference to the 
accompanying drawings. Referring first to Figure 1, a composite abrasive 
compact comprises an abrasive compact layer 20 bonded to a substrate, 
generally a cemented carbide substrate, 10. The abrasive compact layer 
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20 comprises an inner region 12, a first intermediate region 14, a second 
intermediate region 16 and an outer region 18. The composite abrasive 
compact is of a bullet shape. 

The outer surface 22 of the region 18 provides a working surface for the 
composite abrasive compact. 

The interfaces 24, 26 and 28 between successive regions are all convex in 
shape. Similarly, the interface 30 between the region 12 and the substrate 
10 is convex. 

Figures 2a to 2f illustrate six different embodiments in which the regions of 
the abrasive compact layer 20 of Figure 1 meet or intercept the substrate. 

Figure 2a illustrates an embodiment in which the regions of the abrasive 
compact layer 20 converge to a point 34. 

Figure 2b illustrates an embodiment in which the regions of the abrasive 
compact layer 20 tenninate on a ledge or plane 36. . 

Figure 2c illustrates an embodiment similar to that of Figure 2b save that 
the interface 22 and the Interface 24 converge at a peripheral point 38. 

Figure 2d illustrates an embodiment similar to that of Figure 2c save that 
the interface 26 also terminates at a peripheral point 40. 

In the Figure 2e embodiment, the regions 18, 16 and 14 all terminate at the 
periphery 42 of the insert while in the Figure 2f embodiment, all of the 
regions of the abrasive compact layer 20 terminate at the periphery 42 of 
the insert. 

In the composite abrasive compacts of the invention, the inner region (12 in 
the illustrated embodiments) may comprise a mixture of ultra-hard abrasive 
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particles and refractory particles, and optionally a quantity of binder metal. 
The proportion of ultra-hard abrasive particles is generally in the range 20 
to 30 volume per cent of the region and the proportion of refractory particles 
is generally in the range 80 to 70 volume per cent of the region. The metal 
binder, when used, is generally present in the amount of about 8 to 12 
volume per cent of the total volume of the particles. Preferably, the 
proportion of ultra-hard particles is about 25 volume per cent, the proportion 
of refractory particles is about 75 volume per cent, and the metal binder 
about 10 volume per cent. 

The first intermediate region (14 in the illustrated embodiments) may 
comprise a mixture of ultra-hard abrasive particles and refractory particles, 
and optionally a quantity of binder metal. The proportion of ultra-hard 
abrasive particles is generally In the range 45 to 55 volume per cent of the 
region and the proportion of refractory particles is generally in the range 55 
to 45 volume per cent of the region. The metal binder, when used, is 
generally present in the amount of about 5 to 12 volume per cent of the 
total volume of the particles. Preferably, the proportion of ultra-hard 
particles Is about 50 volume per cent, the proportion of refractory particles 
is about 50 volume per cent, and the metal binder about 7 volume per cent. 

The second intermediate region (16 in the illustrated embodiments) may 
comprise a mixture of ultra-hard abrasive particles and refractory particles, 
and optionally a quantity of binder metal. The proportion of ultra-hard 
abrasive particles is generally in the range 70 to 80 volume per cent of the 
region and the proportion of refractory particles is generally in the range 30 
to 20 volume per cent of the region. The metal binder, when used, is 
generally present in the amount of about 3 to 7 volume per cent of total 
volume of the particles. Preferably, the proportion of ultra-hard particles is 
about 75 volume per cent, the proportion of refractory particles is about 25 
volume per cent, and the metal binder about 5 volume per cent. 
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In the inner region and the first and second intermediate regions the ultra- 
hard abrasive particles are generally in the particle size range 5 to 100 
microns, and preferably in the size range 15 to 30 microns. 

The outer region (18 in the illustrated embodiments) may comprise ultra- 
hard abrasive particles and metal binder. The ultra-hard particles are 
characterized by containing at least three, and preferably four, different 
particle sizes. The proportion of metal binder is about 2 per cent of the 
volume of ultra-hard abrasive particles. In the case of a mixture comprising 
three particle sizes, an example of the composition by average particle size 
is: 



Average particle size Percent by mass 

greater than 1 0 microns at least 20 

between 5 and 1 0 microns at least 1 5 

less than 5 microns at least 1 5 



The term "average particle size" as used above and hereinafter means that 
a major amount of the particles by mass will be close to the specified size 
although there will be some particles larger and some particles smaller than 
the specified size. Thus, for example, if the average particle size is stated 
as 10 microns, there will be some particles that are larger and some 
particles that are smaller than 10 microns, but the major amount of the 
particles will be at approximately 10 microns in size and a peak in the size 
distribution by mass of particles will be at 10 microns. 

The tenri "percent by mass" as used above and hereinafter means that the 
percentages are the percentages by mass of the entire abrasive particle 
mass. 



A specific particle size composition containing three particle sizes which is 
useful for the outer region is: 
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Average particle size Percent by mass 

12 microns 25 

8 microns 25 

4 microns 50 

In the case of a mixture comprising four diamond particle sizes, an example 
of the composition by average particle size is: 

Average particle size Percent by mass 

25 to 50 microns 25 to 70 

1 5 to 24 microns 1 5 to 30 

8 to 14 microns 5 to 45 

less than 8 microns minimum 5 

A specific particle size composition containing four particle sizes which is 
useful for the outer region is: 

Average particle size Percent by mass 

30 microns 65 

22 microns 20 

12 microns 10 

4 microns 5 



A specific composition containing five particle sizes which is useful for the 
outer region is: 
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Average particle size 



Percent by mass 



22 microns 



28 



12 microns 



44 



6 microns 



7 



4 microns 



16 



2 microns 



5 



In all regions, the binder metal powder, when present, will generally have a 
particle size of less than 10 microns, and preferably will be about 3 
microns. 

The composite abrasive compact of the invention may be made by 
providing a sintered substrate of the desired shape and a canister which fits 
on the outer surface of the substrate and has a closed end, the shape of 
which is complementary to the desired shape of the outer surface of the 
outer region. Mixtures are also provided to the desired composition of each 
of the regions. A temporary binder may be added to the mixtures to aid 
compaction and moulding. Each region may be shaped prior to being 
introduced to the canister, or may be shaped in situ in the canister. After 
the introduction of the regions in order in the canister, the substrate is fitted 
into the canister to complete a closure and form an assembly. In the case 
that a temporary binder is used, the temporary binder is removed by 
thermal decomposition or volatilisation. Examples of suitable temporary 
binders are starch, methyl cellulose, polymethyl methacrylate and camphor. 

The assembly is placed in a conventional high pressure, high temperature 
apparatus and the assembly exposed to conditions of temperature and 
pressure necessary to produce an abrasive compact. The conditions of 
elevated pressure and elevated temperature are maintained for sufficient 
time for the abrasive layer to sinter and bond to the substrate. Generally, 
the HPHT conditions used are those at which the ultra-hard particles are 
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thermodynamically stable. Such pressures are typically in the range 4 to 7 
GPa and such temperatures are typically in the range 1200°C to 1700°C. 

After recovery from the high pressure, high temperature apparatus, the 
composite abrasive compact may be finished to the desired dimensions by 
any convenient means, such as centreless grinding. 

In section, the regions 12, 14, 16, 18 of the abrasive layer 20 are 
distinguishable one from another by examination of the microstructure at 
appropriate magnification. The inner region 12 will generally consist of 
ultra-hard particles substantially isolated one from another or in small 
clusters. The isolated particles or small clusters are separated by refractory 
particles. There may be a proportion of intergrowth between adjacent 
refractory particles and between adjacent ultra-hard particles when present 
as small clusters. In the first intemnediate region 14, there are generally 
approximately equal amounts by volume of ultra-hard particles and 
refractory particles. Both the ultra-hard particles and the refractory particles 
may appear as clusters of particles with a proportion of intergrowth 
between particles of like type. In the second intermediate region 16, the 
refractory particles are generally present as substantially isolated particles 
or as small clusters. The isolated particles or small clusters of refractory 
particles are separated one from another by ultra-hard particles which may 
be substantially intergrown. The regions are further characterised by a 
difference of metal binder content, when a metal binder is present, such 
that the inner region 12 contains more metal binder than the first 
intermediate region 14, which in turn contains more metal binder than the 
second intermediate layer 16. 

The Inner region, the first intermediate region and the second intermediate 
region have a thickness generally not less than 0.1mm and generally not 
greater than 1mm. Preferably, the thickness of these regions is in the range 
0.1mm to 0.6mm. 
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The outer region has a thickness generally not less than 0.2mm and 
generally not greater than 1mm. Preferably, the thickness of the outer 
region is in the range 0.3mm to 0.7mm. 

Comparative drop tests, in which a composite abrasive compact is fitted 
into a body and dropped on to a target, have shown that composite 
abrasive compacts of this invention have superior impact resistance to 
composite abrasive compacts made by prior art methods. Composite 
abrasive compacts of this invention withstand an impact dissipating 50 
joules of energy, whereas prior art composite abrasive compacts withstand 
impacts dissipating about 35 joules of energy. 
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CLAIMS 

1. A composite abrasive compact comprising an abrasive compact 
layer bonded to a substrate, tlie abrasive compact layer being 
characterised by: 

(i) an inner region, in contact with a surface of the substrate, 

(ii) a first intermediate region in contact with the inner region, 

(iii) a second intermediate region in contact with the first 
intermediate region, 

(iv) an outer region in contact with the second intermediate region 
and containing ultra-hard abrasive particles having at least 
three different average particle sizes, and 

(v) the composition in the inner region, and first and second 
intenrnediate regions varying in composition such that there is 
a graduated change in thermal expansion of the abrasive 
compact layer between the substrate and the outer region. 

2. A composite abrasive compact according to claim 1 wherein the 
regions of the abrasive compact layer take the form of layers. 

3. A composite abrasive compact according to claim 2 wherein the 
interfaces between the layers are not parallel or concentric. 

4. A composite abrasive compact according to any one of the 
preceding claims wherein the interface between the abrasive 
compact layer and the substrate is convex and the working surface 
of the outer region is convex. 

5. A composite abrasive compact according to any one of the 
preceding claims wherein the interfaces between the various 
regions are convex. 
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6. A composite abrasive compact according to any one of the 
preceding claims wherein the inner region and first and second 
intermediate regions each comprise a mixture of ultra-hard abrasive 
particle of the type present in the outer region and one or more 
refractory particles, the mixtures in the regions differing from each 
other. 

7. A composite abrasive compact according to claim 6 wherein the 
mixture of the inner region contains less ultra-hard abrasive 
particles than the mixture of the first intermediate region which 
contains less ultra-hard abrasive particles than the mixture of the 
second intermediate region. 

8. A composite abrasive compact according to claim 6 or claim 7 
wherein the refractory particles are of low thermal expansion and 
are selected from carbides, oxides and nitrides of silicon, hafnium, 
titanium, zirconium, vanadium and niobium, an oxide and nitride of 
aluminium, cubic boron nitride and carbides of tungsten, tantalum 
and molybdenum. 

9. A composite abrasive compact according to claims 6 to 8 wherein 
the mixture of the inner region comprises 20 to 30 volume percent 
of ultra-hard abrasive particle and 80 to 70 volume percent of 
refractory particle. 

10. A composite abrasive compact according to claim 9 wherein the 
mixture of the inner region also contains a metal binder present in 
an amount of 8 to 10 volume percent of the total volume of the 
particles. 
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11. A composite abrasive compact according to any one claims 6 to 10 
wherein the mixture of the first intermediate region comprises 55 to 
45 volume percent of ultra-hard abrasive particle and 45 to 55 
volume percent of refractory particle. 

12. A composite abrasive compact according to claim 11 wherein the 
mixture of the first intermediate region also contains a metal binder 
present in an amount of 5 to 12 volume percent of the total volume 
of the particles. 

13. A composite abrasive compact according to any one of claims 6 to 
12 wherein a mixture of the second intermediate region comprises 
70 to 80 volume percent of ultra-hard abrasive particle and 30 to 20 
volume percent of refractory particle. 

14. A composite abrasive compact according to claim 13 wherein the 
mixture of the second intermediate region also contains a metal 
binder present in an amount of 3 to 7 volume percent of the total 
volume of the particles. 

15. A composite abrasive compact according to any one of the 
preceding claims wherein the ultra-hard abrasive particles in the 
outer region have a composition which is: 

Average particle size Percent by mass 

greater than 1 0 microns at least 20 

between 5 and 1 0 microns at least 15 

less than 5 microns at least 15 



16. 



A composite abrasive compact according to any one of claims 1 to 
14 wherein the ultra-hard abrasive particles in the outer region have 
a composition which is: 
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Average particle size 



Percent by mass 



20 to 25 microns 



25 to 70 



15 to 24 microns 



15 to 30 



8 to 14 microns 



5 to 45 



less than 8 microns 



minimum 5 



17. A composite abrasive compact according to any one of the 
preceding claims wherein the substrate is a cemented carbide 
substrate. 

18. A composite abrasive compact according to claim 1 substantially as 
herein described with reference to any one of Figures 1 to 2f of the 
accompanying drawings. 



wo 03/064806 



1/1 



PCT/IB03/00206 




INTERNATIONAL SEARCH REPORT 



ktternE Application No 

PCT/rB 03/00206 



A. CLASSIFICATION OF SUBJECT MATTEH 

IPC 7 E21B10/56 



According to International Patent Classlficailon (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassirication system followed by classification symbols) 

IPC 7 E21B 



Documentation searched other than minimum documanlatlon to the extent that sudi documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where piactical search temns used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Calegny* Cftatian of document, with Indication, where appropilale,o( the relevant passages 



Relevant to dalm No. 



US 4 694 918 A (HALL) 
22 September 1987 (1987-09-22) 
column 5, line 36 - line 68 
column 19, line 23 - line 50 



EP 0 626 237 A (DE BEERS) 
30 November 1994 (1994-11-30) 
page 5, line 7 - line 11; claim 1 



US 2001/008190 Al (SCOTT ET AL.) 
19 July 2001 (2001-07-19) 
paragraph '0020! - paragraph '0023! 

US 5 833 021 A (MENSA-WILMOT ET AL.) 
10 November 1998 (1998-11-10) 
column 3, line 22 - line 31 



5-14,17 
1 

15,16 
1-4 

1,4 



□ 



Further documents are listed In the continuation of box C 



ID 



Patent famfly members are listed in annex. 



° Special categcfftes of cited documents : 

'A' document dafining the general state of the art which Is not 

considered to be of particular relevance 
•E* earlier document but published on or after the international 

raing date 

'L' document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibltton or 

other means 

'P* document published prior to the international fifing date but 
later than the priority date claimed 



'T' later document published after the International filing date 
or priority date and not In confllcl with the appHcalion but 
cited to understand the principle or theory underlying the 
invention 

*X' document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 

'V document of parlicular relevance: the claimed Invention 
cannot be considered to involve an Inventive step when the 
document is combined with one or mote other such docu- 
ments, such combination being obvious to a person sklQed 
in the art. 

document member of the same patent family 



Date of the actual completion of the Irrternatlonal search 



6 June 2003 



Date of mailing of the International search report 



17/06/2003 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Palentlaan 2 
ML - 2280 HV Rrjswijk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Rampelmann, K 



Fcm PCT/ISA/21Q (second shael) (July 19S2) 



INTERNATIONAL SEARCH REPORT 



Interne Application No 

PCT/fB 03/00206 



ncHclH uuuuit let 11 




Publication 




Patpnt famllv 




Publication 


cited In search report 




date 




member(s) 




date 


US 4694918 


A 


22-09-1987 


US 


4604106 


A 


05-08-1986 






CA 


1261317 


Al 


26-09-1989 






DE 


3683633 


Dl 


05-03-1992 






EP 


0235455 


A2 


09-09-1987 






IE 


59602 


81 


09-03-1994 






JP 


2679782 


82 


19-11-1997 






OP 


62284886 


A 


10-12-1987 






S6 


72194 


G 


25-11-1994 






CN 


86103664 


A 


04-02-1987 






JP 


2594785 


82 


26-03-1997 






JP 


62041778 


A 


23-02-1987 






ZA 


8602903 


A 


25-11-1987 


EP 626237 


A 


30-11-1994 


AU 


668816 


82 


16-05-1996 






AU 


6332294 


A 


01-12-1994 






CA 


2124393 


Al 


28-11-1994 






CN 

Wit 


1095532 


A 


21-12-1994 






DE 


69400418 


Dl 


02-10-1996 






DE 


69400418 


T2 


15-01-1997 






EP 


0626237 


Al 


30-11-1994 






JP 


7205032 A 


08-08-1995 






US 


5505748 A 


09-04-1996 






ZA 


9403646 


A 


27-01-1995 




Al 


19-07-2001 


uo 


6220375 


81 








GB 


2374618 A 


23-10-2002 






BE 


1014003 A5 


04-02-2003 






6B 


2345710 


A 


19-07-2000 






IT 


T020000026 Al 


12-07-2001 






US 


2003072669 Al 


17-04-2003 






US 


6521174 


81 


18-02-2003 


us 5833021 


A 


10-11-1998 


GB 


2311084 A .B 


17-09-1997 



Form PCT/lSA/zio (patent iai^ emax) puly 1^) 



